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Motor vehicle accidents are

the leading cause of death

among young adults. Al-

though automobile fatalities

have declined in recent years,

motorcycle fatalities are rap-

idly increasing. The purpose

of our research was to quan-

tify the relationship between

changing fuel prices and mo-

torcycle fatalities.

Our findings suggest that

people increasingly rely on

motorcycles to reduce their

fuel costs in response to rising

gasoline prices. We estimate

that use of motorcycles and

scooters instead of 4-wheeled

vehicles results in over 1500

additional motorcycle fatali-

ties annually for each dollar

increase in gas prices. Motor-

cycle safety should receive

more attention as a leading

public health issue. (Am J

Public Health. 2009;99:1753–

1758. doi:10.2105/AJPH.2009.

159590)

MOTOR VEHICLE FATALITIES

are a leading cause of death and
a major public health problem in
the United States, particularly
among young adults. Forty-one
percent of all injury-related

fatalities in 2005 resulted from
motor vehicle crashes among indi-
viduals aged 15 to 24 years.1,2

However, rising gas prices have had
a substantial impact in reshaping
consumers’ choices of transporta-
tion, and this has significant impli-
cations for motor vehicle fatalities.
From1998 to 2007, gasoline prices
more than doubled in real terms,
with much of the increase occurring
from 2004 to 2007.3 Whereas de-
mand outstripped supply for hybrid
gas-electric cars in the summer of
2008, automobile manufacturers
continue to face difficulty in selling
large, low-mile-per-gallon vehicles.4

Other modes of transportation, such
as public transportation, are be-
coming increasingly popular.5,6 Re-
search suggests that the decline in
the number of miles driven in re-
sponse to higher fuel prices has led
to significant reductions in automo-
bile fatality rates.7

Another consequence of the
higher prices, however, has been
increased demand for motorcycles
and motored scooters, which use
less fuel than cars and trucks.
According to a recent survey, 26%
of consumers considered sub-
stituting a motorcycle or scooter

for a car in response to escalating
fuel prices.8 Motorcycle fatalities
have risen substantially since the
mid-1990s. We examine the extent
to which rising gasoline prices ex-
plain increasing road fatalities from
motorcycle crashes and call for
greater attention to motorcycle
safety.

The average fuel economy of
new cars has never exceeded 30
miles per gallon in any model
year.4 For sport utility vehicles
(SUVs), fuel economy ranged as low
as12 miles per gallon in 2008, and
the most fuel-efficient standard
truck for 2008 only managed18
miles per gallon. By using electric
motors to supplement power from a
conventional gasoline engine, hy-
brid cars can achieve significantly
higher fuel efficiency than equiva-
lent gasoline-powered vehicles. The
most fuel-efficient hybrid averages
48 miles per gallon in the city;9

however, hybrids cost significantly
more than conventional vehicles.10,11

By contrast, motorcycles and
scooters are known for significant
fuel savings because of their
smaller engines. In 2006, accord-
ing to the National Highway Traffic
Safety Administration, the average

motorcycle fuel economy was 56.1
miles per gallon.12 A commuter
choosing to ride a motorcycle in-
stead of driving the average car
would reduce his or her fuel costs
by almost 50%, or by nearly two
thirds compared with the average
SUV.4 Scooters commonly achieve
higher levels of fuel efficiency than
most motorcycles, with some as
high as 100 miles per gallon.13

New motorcycles and scooters
are also typically priced much
lower than cars and trucks. Retail
prices for the most fuel-efficient
scooters and motorcycles available
from major manufacturers range
from $2000 to $4000. Approxi-
mately half of motorized scooter
and motorcycle models from the
4 largest Japanese manufacturers
retail for less than $10000. Con-
sidering both their significant fuel
savings and lower ownership costs,
it is not surprising that sales of
motorcycles and scooters have
been booming.13

Motorcycles and scooters are
more dangerous than 4-wheeled
vehicles. An individual switching
from a car to a motorcycle with no
prior experience or training faces a
high risk of injury or death. In fact,
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over 90% of motorcycle riders
involved in a crash do not have
formal training, relying instead on
family or friends or being self-
taught.14 A high level of riding skill
is necessary because 2-wheeled ve-
hicles are more dangerous than
4-wheeled vehicles in situations in-
volving hazards such as road debris,
rain, snow, and significant pave-
ment imperfections. Furthermore,
many popular motorcycles have
higher performance in terms of ac-
celeration and braking than most
sports cars, requiring highly devel-
oped throttle and braking skills.
Riding a motorcycle also leaves less
room for mistakes arising from dis-
traction or impairments such as al-
cohol consumption or fatigue. In
fact, two thirds of motorcycle
crashes are caused solely by mo-
torcycle rider error.14 Using the
Fatality Accident Reporting System
(FARS) database, which contains
information on every vehicular fa-
tality occurring on public roads in
the United States, we examined the
extent to which rising gasoline pri-
ces contributed to increasing num-
bers of motorcycle road fatalities.

METHODS

The FARS database is compiled
by the National Center for Statis-
tics and Analysis within the US
National Highway Traffic Safety
Administration. FARS is a census
of all motor vehicle accidents on
publicly accessible roadways in
the United States in which at least
1 fatality occurs within 30 days
of the crash. Fatalities may include
both vehicle occupants and pe-
destrians. The database contains
detailed personal, vehicle, and
crash information on each

accident, including demographic
information for each fatality. For
example, FARS provides informa-
tion on the exact time of a crash,
the location, the manner of colli-
sion, and other important individ-
ual, vehicle, and crash character-
istics. Data are compiled from
several sources, including police
crash reports, emergency medical
services reports, hospital medical
records, coroner reports, death
certificates, and state driver li-
censing and vehicle registration
files. Additional information is
available elsewhere.15 A total of
755479 individual fatalities oc-
curred in the 18-year period from
1990 to 2007. Of these, vehicle
body type was identified for
643981 fatalities. We examined
56168 motored cycle deaths,
which included both drivers and
any passengers the vehicle carried.

Street motorcycles—which ex-
clude scooters, mopeds, off-road
motorcycles, and their equivalents—
account for 96% of all motored
cycle fatalities. Unlike motorcy-
cles, scooters and mopeds with
small displacement engines re-
quire only an automobile license
to operate in many states. Larger
scooters, however, can be nearly
as powerful and quick as many
sport motorcycles; operators of
both larger scooters and motor-
cycles are required to acquire the
same sets of safe-riding skills and
to undergo the same motorcycle
licensing process. For our analy-
sis, fatalities involving motorcy-
cles, scooters, mopeds, and other
motored cycles were combined
and referred to simply as motor-
cycle fatalities.

Weekly gasoline retail prices
are provided by the US Energy

Information Administration (EIA),
which is part of the Department of
Energy. The EIA’s Motor Gasoline
Price Survey consists of nation-
wide telephone surveys of about
900 retail gasoline outlets every
Monday. Retail gas prices include
all taxes, and prices are provided
for all grades. The EIA calculates
mean gas prices using outlet sales,
delivery volume, and population
data. Gas prices are available for
several cities and states as well as
national averages. Additional in-
formation on survey methodology
is provided elsewhere.16 Informa-
tion on numbers of registered
motorcycles and other vehicles is
provided by the Federal Highway
Administration.17

Climate is an important factor
influencing motorcycle demand.
This analysis adjusts for climate
using monthly average tempera-
ture and precipitation data. Tem-
perature and precipitation data
are provided by the National Cli-
matic Data Center, which is part of
the National Oceanic and Atmo-
spheric Administration.

We examined total number of
weekly motorcycle fatalities and
weekly motorcycle fatalities per
100000 people. We calculated
fatality rates using yearly popula-
tion estimates provided by the US
Census Bureau. Independent var-
iables included gasoline prices and
climate variables. Because cycles
use different grades of gasoline
depending on make, we examined
average retail prices for all gaso-
line grades. Diesel prices were ex-
cluded from the analysis because
diesel engine motorcycles are rare
and are not present in the FARS
database. Mean monthly temper-
ature in degrees and precipitation

in inches were also included in the
analysis. Climate is believed to be
an important factor in both the de-
cision to ride a motorcycle and the
likelihood of crashing a motorcycle.

We condensed individual fatal-
ity data into a national sample of
weekly fatalities and gasoline pri-
ces examined over a 907-week
period. We used an autoregressive
integrated moving average
(ARIMA) regression specification
to estimate what fatality numbers
and fatality rates would have been
assuming different gasoline prices,
with adjustments for precipitation
and temperature.

RESULTS

As illustrated in Figure 1, the
correlation between real gasoline
prices and the proportion of regis-
tered vehicles that are motorcycles
is 0.89. Gasoline prices, adjusted to
2007 dollars, fell from $2.06 per
gallon in 1990 to $1.36 in 1998.
Over the same period, motorcycles
as a proportion of all registered
vehicles also declined, from 2.3%
to 1.8%. From 1998 to 2006,
when gas prices rose by 98%—to
$2.70 per gallon in 2007 dollars—
motorcycles as a proportion of all
registered vehicles rose nearly
50%, from 1.8% in 1998 to 2.7%
in 2006.

Figure 2 presents the total num-
ber of motorcycle fatalities occur-
ring from 1990 to 2007 together
with the real price of gasoline. In
1997, 2116 motorcycle riders died
in road crashes. Motorcycle fatali-
ties more than doubled over the
following 10 years, reaching 5154
in 2007. In the late 1990s and
early 2000s, universal helmet laws
were repealed in 6 states
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(Arkansas, Florida, Kentucky,
Louisiana, Pennsylvania, and
Texas). Although the repeal of
these laws has been blamed for the
increasing motorcycle fatality rates
in those states,18 it does not explain
the national trend in motorcycle
fatalities: when these states were
dropped from the sample, the trend
shown in Figure 2 did not change
much.

Table 1 provides the numbers of
fatalities, fatality rates, and shares
of total fatalities for motorcycles,
passenger vehicles, and other ve-
hicle types. From 1990 to 2007,
fatalities in crashes involving pas-
senger vehicles—including cars,
trucks, SUVs, and vans—declined
from 32693 to 28933, repre-
senting a drop in the fatality rate
from 13.1 to 9.6 fatalities per

100000 people. Over this same
period, the percentage of road fa-
talities involving motorcycles in-
creased from 8.7% to 14.5%, a
rise of 67%. After declining from
1990 to 1998, the motorcycle fa-
tality rate doubled from 1998 to
2007. Risk of having an accident
may increase with engine power,
and there has been a trend toward
more powerful motorcycles in the
United States. The percentage of
motorcycle fatalities occurring on
machines with engine displace-
ments of at least 1 liter increased
over 60%, rising from 27.5 in
1990 to 44.3% in 2007.

From 1990 to 2007, a total of
56168 individuals were killed in
motorcycle crashes. Table 2 pro-
vides the estimated number and
rate of motorcycle fatalities

(determined by ARIMA regression
analysis) that would have occurred
with different real gas prices. For
example, we estimated that aver-
age annual fatalities would have
been 1810, or 0.64 fatalities per
100000 people, if gas prices had
been $1 per gallon, but 4930, or
1.8 per 100000 people, if gas
prices had been $3 per gallon. For
the period 1998 to 2007, if real
gas prices had remained at the
1998 figure of $1.36, we estimated
that total fatalities would have
been approximately 23712 com-
pared with the actual total of
36450, a 54% difference.

DISCUSSION

In response to escalating gas
prices, increasing numbers of

people have decided to use 2-
wheeled transportation for their
travel needs. Unfortunately, be-
cause motorcycles are significantly
less safe than 4-wheeled vehicles
(particularly for inexperienced
riders), motorcycle fatalities have
been increasing at the same time
that passenger vehicle fatalities
have declined.

Motorcycling has become in-
creasingly popular because of
higher fuel prices and the thrill and
sense of freedom riders can enjoy.
In addition, new motorcycles and
scooters can cost as little as $2000
and have much higher fuel effi-
ciency than hybrid automobiles,
making them attractive to low-
income individuals.

An increase in gas prices prob-
ably also leads to some substitution
toward bicycling, walking, and al-
ternative modes of transit, such as
public transportation. However,
motorcycle accidents are a more
serious public health problem than
accidents involving bicycling, walk-
ing, or public transportation, for a
number of reasons. First, motorcy-
cle riders are usually traveling at
much greater speeds than pedes-
trians or bicyclists and the kinetic
energy involved in motorcycle col-
lisions is therefore substantially
greater. Second, unlike pedestrians
and, in some cities, bicyclists, mo-
torcyclists do not travel on walk-
ways that separate them from ve-
hicular traffic, and the odds of
collision with other, more massive
vehicles are therefore higher. Third,
because motorcycles are more fea-
sible for commuting long distances,
higher gas prices are expected to
affect motorcycle use more than
bicycle use or walking. Finally, fa-
talities on public transportation are

Note. Gasoline prices are adjusted to 2007 dollars.

FIGURE 1—Real gasoline prices and percentage of registered vehicles that are motorcycles: United

States, 1990–2007.
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rare. According to the American
Public Transportation Association,
there were 236 fatalities on public
transportation systems in 2005,
compared with 4576 motorcycle
fatalities.19 Increases in motorcy-
cling in response to higher gas
prices will result in greater num-
bers of fatalities relative to public
transportation.

Only 20 states have universal
helmet laws, and no state requires
motorcycle safety gear beyond a
helmet. Only Maine, Rhode Island,
and, recently, Florida mandate
rider education for all first-time
licensees.20 We speculate that
many riders not using safety gear or
declining to undertake additional
formal training either do not appre-
ciate the risks or discount them. The
average motorcycle fatality also has
a poorer driving history than the

average automobile fatality. Fur-
thermore, because motorcycle
riders are less likely to possess a
motorcycle license compared to au-
tomobile drivers, they are less likely
to be tested on skills required to
safely operate a motorcycle than are
car drivers for skills needed to op-
erate a car.

Houston and Richardson in
2007 calculated that elimination
of helmet requirements in 6 states
resulted in over 600 additional
motorcycle fatalities.18 Other re-
search has demonstrated that uni-
versal helmet laws result in fewer
fatalities.21–24 We estimate that the
increasing popularity of motorcycles
because of higher fuel prices has
resulted in nearly13000 additional
road fatalities since1998.

From the standpoint of fatality
risk, motorcycling is a far from

perfect substitute for driving a car
in a number of important ways.
First, a motorcycle rider does not
have the benefit of riding within a
protective steel cage; therefore,
safety gear and training are impor-
tant. Proper safety gear includes a
Department of Transportation–
approved helmet as well as a pad-
ded, abrasion-resistant jacket,
pants, gloves, and boots. Unfortu-
nately, safety gear may run into the
hundreds or thousands of dollars
andcan represent a large fraction of
the cost of most motorcycles. Gear
can also be very uncomfortable in
warm weather. Lack of gear and
formal training substantially in-
creases the risk of fatality. In fact,
over 40% of motorcycle fatalities
involve riders without helmets. The
skills required to operate a motor-
cycle safely are very different from

those required for 4-wheeled vehi-
cles. For instance, a motorcycle
tends to steer wherever the rider
happens to be staring, so that by
concentrating his or her attention
on a given road hazard, the rider
paradoxically increases the chances
of colliding with that hazard.

Braking also is more complex
than for automobiles because a
motorcycle typically has indepen-
dent front and rear braking. For
example, whereas an appropriate
response to a loss of traction on
the front wheel is to momentarily
release the front brake, the same
response to a slipping rear wheel
could result in a life-threatening
crash. The range of potentially
fatal road hazards is much larger
than for automobiles, and the
ability to identify and skillfully
avoid road hazards, including
other vehicles, is crucial. The
number of potential hazards is
greater in urban settings, and mo-
torcycle fatalities are more likely
to occur on urban, noninterstate
roadways. This is why formal
training can be so important in
reducing accidents and fatalities.

Limitations

Lack of information on nonfatal
injuries is one limitation of this study.
We believe that fatalities and nonfa-
tal injuries from motorcycle crashes
are highly correlated and that our
findings are therefore directly rele-
vant to injuries. In fact, incapacitating
motorcycle injuries increased to
about25000 in2006fromless than
15000 in1997.25 A second limita-
tion is that unobserved factors, in-
cluding changing preferences for
motorcycling instead of driving,
may partially explain the trend
in fatalities. Further research is

Note. Gasoline prices are adjusted to 2007 dollars.

FIGURE 2—Real gasoline prices and number of motorcycle fatalities: United States, 1990–2007.
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recommended to examine other
factors, such as the relationship of
peer effects, motorcycle advertising,
or ownership costs, with motorcycle
demand. Finally, a third limitation is
that motorcycle fatalities occurring
on nonpublic roads are not included
in the data. We believe these fatali-
ties to be positively correlated with
public road motorcycle fatalities,
and their omission should not sub-
stantially change the results.

Conclusions

Motorcycle safety deserves
more public attention. Research
has shown formal motorcycle
training to be an important factor
in mitigating the risk of motorcycle

crashes.14 However, only 3 states
(Maine, Rhode Island, and, most
recently, Florida) currently require
successful completion of a motor-
cycle training course as part of their
licensing requirements. Other states
may provide riders an exemption to
the state road test for motorcycles if
they successfully complete training
in approved courses. There does
not seem to be a serious expectation
of competent, safe motorcycling in
the United States.

Improving motorcycle safety is
an important public health imper-
ative. Mandatory training is one
approach to achieve this end, but
so is subsidization of training pro-
grams. For example, subsidies
could be targeted to lower-income
riders, with training programs
made available at community col-
leges. A review of international
measures suggests that a system to
constrain access to large motorcy-
cles is yet another policy option. In
New Zealand, for example, the en-
gine size for newly licensed riders is
limited for at least 6 months after
they receive their learner license.
The United Kingdom also limits
engine size for beginners, and
motorcycle training is compulsory.
A restriction on engine size for
learners recognizes the potential
problem of people with little or no
experience riding high-performance
motorcycles. Higher-displacement
motorcycles can be more danger-
ous, and there has been a trend
toward these motorcycles in the
United States. Graduated licensing
programs restricting engine size for
learners may significantly lower in-
jury and mortality risk as riding
experience is accumulated.

Motorcycling is becoming
a more popular transportation

TABLE 1—Number, Rate per 100000 People, and Share of Vehicle Fatalities, by Year

and Type of Vehicle: United States, 1990–2007

Fatalities

Motorcycles Passenger Vehicles Others

Year Price of Gasoline, $ No. Share, %a Rate No. Share, %a Rate No. Share, %a Rate

1990 2.06 3244 8.7 1.3 32 693 88.0 13.1 1196 3.2 0.5

1991 1.68 2806 8.1 1.1 30 776 88.9 12.2 1019 2.9 0.4

1992 1.61 2395 7.3 0.9 29 485 89.9 11.6 931 2.8 0.4

1993 1.53 2449 7.3 1.0 30 077 89.9 11.7 938 2.8 0.4

1994 1.51 2320 6.8 0.9 30 901 90.3 11.9 1007 2.9 0.4

1995 1.57 2227 6.3 0.8 31 991 90.8 12.2 997 2.8 0.4

1996 1.64 2161 6.1 0.8 32 437 91.1 12.2 991 2.8 0.4

1997 1.61 2116 5.9 0.8 32 448 91.0 12.1 1086 3.0 0.4

1998 1.36 2294 6.5 0.8 31 899 90.3 11.8 1115 3.2 0.4

1999 1.46 2483 6.9 0.9 32 127 89.8 11.8 1174 3.3 0.4

2000 1.83 2897 8.0 1.0 32 225 88.8 11.5 1181 3.3 0.4

2001 1.71 3197 8.8 1.1 32 043 88.1 11.2 1139 3.1 0.4

2002 1.59 3270 8.8 1.1 32 843 88.1 11.4 1162 3.1 0.4

2003 1.81 3714 10.0 1.3 32 271 86.7 11.1 1244 3.3 0.4

2004 2.08 4028 10.8 1.4 31 866 85.6 10.9 1320 3.5 0.5

2005 2.45 4576 12.2 1.5 31 549 84.2 10.7 1354 3.6 0.5

2006 2.70 4837 13.1 1.6 30 686 83.3 10.3 1331 3.6 0.4

2007 2.84 5154 14.5 1.7 28 933 81.6 9.6 1378 3.9 0.5

Note. Gasoline prices are in 2007 dollars. Passenger vehicles include 2-axle passenger cars, trucks, sport utility vehicles, and vans; other
includes buses, semitrucks, and other multiaxle vehicles.
aAs a percentage of all yearly vehicle fatalities.

TABLE 2—Actual and Estimated Number and Rate

(per 100000 People) of Annual Motorcycle

Fatalities: United States, 1990–2007

Mean Annual

No. of Fatalities

Mean Annual

Fatality Rate

Actual figure 3120 1.12

Estimated figure per hypothetical gas price

$1.00 1810 0.64

$1.50 2590 0.92

$2.00 3370 1.20

$2.50 4150 1.47

$3.00 4930 1.75

Note. Estimated numbers were determined by autoregressive integrated moving average
regression analysis. The average price of gasoline per gallon for 1990 through 2007 was
$1.83 adjusted to 2007 dollars.
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option in the United States, a trend
partly explained by fuel price in-
creases in recent years. However,
motorcycle fatality rates have
risen even as fatality rates from
automobile crashes declined. Al-
though more research is needed to
better understand motorcycle fa-
talities and why they happen, pol-
icymakers should implement
measures to increase formal
training—especially for inexperi-
enced riders—to encourage use of
safety gear, and to constrain access
to large motorcycles. It will save
lives at relatively low cost. j
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